In the current study, we investigated the relationship between the abundance of carabid species (Coleoptera: Carabidae) and the phenological stages of weedy plants growing in edge habitats. A survey of carabid beetles was conducted in edge habitats between forest fragments and soybean/corn crops or orange orchards in five sites located in northeastern São Paulo state, Brazil, from November 2005 to May 2008. Beetles were captured with pitfall traps, and multiple regression analysis was used to determine the carabid species that prevailed on each of the phenological stages of weeds. In total, 1115 individuals, representing 26 genera and 52 species, were captured. Selenophorus species, mainly Selenophorus seriatoporus Putzeys, Selenophorus sp.4, Helluomorphoides squiresi (Chaudoir), Tetragonoderus laevigatus Chaudoir, Athrostictus sp.1 were abundant during the reproductive phenological stages of weedy plants, which suggests that these carabid species might prefer to feed on the seeds of weedy plants.
causing changes in the carabid community structure [9] [10] .
Feeding habits of carabid beetles range from carnivory to phytophagy, but there are also carabid species with more-specialized feeding behaviors [11] . For example, in terms of phytophagy, carabids can be classified into two groups : 1) those that are carnivorous but supplement their diets with vegetation; and 2) those that are seed consumers [8] [12] [13] . Thus, in addition to being recognized as important biological control agents of crop pests, carabids are also an important group of seed feeders and, thus, can act efficiently to reduce the size of weed populations in agroecosystems [8] [14] . Carabids and crickets dominate the granivorous taxa of temperate regions [7] [8] [15] , whereas ants are dominant in the tropics [16] . Among the carabid beetles, the Harpalini and Zabrini tribes contain the most granivores [6] [17] .
Despite the rich carabid fauna in Brazilian agroecosystems [18] [19] , there are no specific studies from this region on carabid beetles as weed seed consumers or on their relationship with the phenological stages of weedy plants. The only studies published on the feeding habits of Brazilian carabids were by Barbosa et al. [20] , who evaluated the effect of different diet types on biological aspects of two carabid species, and Matta et al. [21] , who determined the types of food within the digestive tract of carabids associated with herbaceous plants and colored cotton. It is also worth noting that the life cycle of Brazilian carabids inhabiting agroecosystems is almost unknown; however there is information available about seasonal activity of several dominant carabid species in the state of São Paulo [22] .
Therefore, in the current study, a survey of adult carabids was carried out in the edge habitat covered by weedy plants and located between a forest fragment and a soybean/corn crop or an orange orchard in five sites in northeastern São Paulo state, Brazil. The objective was to determine the changes in the density of carabid species in relation to different phenological stages of weeds. We considered the increased number of individuals of a carabid species during the reproductive stages of weedy plants, an indication of preference to feed on seeds of agricultural weeds.
Material and Methods

Sites Description
The study was carried out in five sites in the northeast region of São Paulo state, Brazil, from November 2005 to May 2008. According to the Köppen system, the regional climate is classified as Aw climate, tropical rainy with dry winter [23] .
The first site, in the Jaboticabal municipality [Jaboticabal-no-tillage system (NTS)] was located on the campus of the Universidade Estadual Paulista (21˚14'52"S, 48˚16'04"W). The soil is classified as an oxisol. 
Carabid Beetles and Phenological Stages
Carabids were sampled with pitfall traps installed in the edge habitat between the forest fragment and soybean/corn crop or orange orchard at each study site, with 50 sampling dates in each sites. Traps were 500-ml (80-mm diameter) plastic cups filled with a solution of formaldehyde in water (1%) and detergent [19] [21]. To install each trap, a hole was dug and a plastic cup was inserted so that the lip of each cup was level with the ground. A plastic cover (diameter 135 mm) was used to protect each trap from rain. A total of eight traps were set in two and were established based on Fenner [25] . The inspections were performed us- 
Data Analysis
The relationship between the phenological stages of the weedy plants and the abundance of carabid species were examined by stepwise multiple regression analysis [28] , which included the phenological stages as independent variables. The analysis was based on the total number of individuals of the carabid species captured in all traps, and the total number of all weed species in each one of the phenological stages throughout the sampling period. SAS 93 software [29] was used for the analysis. Carabid species represented by fewer than ten individuals were excluded from the analysis.
Results
A total of 1,115 individual carabids, representing 26 genera and 52 species, were captured ( Table 2 ). The three most-abundant carabid species were Abaris basistriata Chaudoir (20.6% of the total sample), Selenophorus seriatoporus Putzeys (15.8% of the total sample), and Odontocheila nodicornis (Dejean) (9.6% of the total sample), while Scarites sp. 3, Selenophorus sp.4, Athrostictus sp.1, and Pentacomia cupricollis (Kollar) accounted for 6.9%, 5.5%, 4.6%, and 4.0%, respectively, of the total sample.
Multiple regression analysis showed that some carabid populations increased during the reproductive period of the weeds. A population increase was verified in S. seriatoporus (Table 3) Table 4 ).
The number of Scarites spp. individuals decreased during the reproductive period of weeds, including individuals captured 1 month after the phenological period had been determined (Table 3 and Table 4 ). Similar population behavior was found in Abaris basistriata Chaudoir captured after a 1-month lag ( Table 4 ). The reverse result was found for Calosoma granulatum (Perty) in the Jaboticabal and Guaíra-NTS sites (Table 3 and Table 4 ), and for O. nodicornis and Galerita brasiliensis Dejean in the Guaíra-CTS and Descalvado sites, respectively (Table  4 ). In addition, O. nodicornis was abundant in the edge habitats of three of the study sites (Table 2) . Table 3 . Regression coefficients and the standard errors for phenological phases of weedy plants and carabids captured in the edge between forest fragment and agricultural field of five sites. NTS = no-tillage system, CTS = conventional tillage system. 
Discussion
Most carabids feed on a variety of invertebrates, but there are some species that consume weed seeds [8] [11] . In a previous study that evaluated the predatory potential of adult carabid beetles [30] productive period of weeds, and the previous finding that these carabids demonstrate great predatory potential on A. gemmatalis larvae [30] , suggest that such species have a low preference for weed seeds. By contrast, the presence of C. granulatum, G. brasiliensis, and O. nodicornis in the edge habitats suggests that these habitats act as temporary refuges for these species [32] [33] . This is also supported by reports that C. granulatum prefers soybean/corn crops and is rarely observed in forest fragments and that O. nodicornis behaves as a forest species [19] , whereas G. brasiliensis occurs mainly in corn crops rather than in rubber tree plantations (Hevea brasiliensis Muell Arg) or soybean crops [34] .
The abundance of carabid beetles usually increases throughout the growing season, with multiple drivers responsible for this increase. In the current study, 52 carabid species were found in the edge habitats between forest fragments and soybean/corn crops or orange orchards. The carabid populations in this environment are likely to have been exposed to similar temperatures and types of food across each study site. However, those carabid species showed different behaviors in relation to the phenological stages of the weedy plants. Some carabids (Athrostictus sp.1, H. squiresi, T. laevigatus, and species of Selenophorus, mainly S. seriatoporus and Selenophorus sp.4), increased in abundance during the reproductive stages of weeds and showed low or no preference for A. gemmatalis larvae [30] . Such behavior might suggest that those carabid species prefer to feed on weed seeds. By contrast, the populations of A. basistriata, C. granulatum, G. brasiliensis, O. nodicornis, and Scarites spp. decreased during the reproductive period of weeds and/or demonstrated high predation of A. gemmatalis larvae [30] ; such findings suggest that those carabid species had a low preference for weed seeds. Finally, it should be emphasized that all weed species observed in the present study were only found in the edge of all five sites; however these weeds are commonly found in the interior of most Brazilian agricultural fields. Here, the weeds did not penetrate the studied fields/orchards because they were controlled by herbicides in the crop fields while the presence of spontaneous vegetation covering the soil surface of the orchards prevented the development of these plants.
